D
ermal lymphatic malformations are rare, congenital hamartomas of the lymphatic system confined to the skin and subcutaneous tissues. The disease presents as an abnormal collection of tiny lymphatic vesicles that grow in size and number over time (1) . These lesions may occur anywhere on the body; previous case reports have described dermal lymphatic malformations of the tongue (2), vulva (3), penis (4), breast (5), axilla, mediastinum (6) , abdominal wall and perianal region (7) . Dermal lymphatic malformations can be challenging to treat. Numerous nonsurgical modalities have been attempted with varying degrees of success, but the standard therapy for a single large lesion is surgical excision. A patient who had an extensive dermal lymphatic malformation of the lower extremity who underwent staged surgical treatment with no recurrence and satisfactory aesthetic results is presented.
CASE prESEntAtion
A 24-year-old healthy woman was referred by a dermatologist to the plastic surgery service with multiple cysts on her right thigh that had been present since birth. The lesions, initially flesh-coloured and nontender, had become erythematous, pruritic and enlarged with increasing amounts of serous drainage. On physical examination, a 6 cm × 5 cm area of dry, firm, rubbery nodules was seen on the right anterolateral thigh (Figure 1 ). The patient had received multiple intralesional triamcinolone injections without visible improvement. A magnetic resonance image of the leg showed multiloculated inflamed cystic lesions in the subcutaneous tissue without evidence of vascular malformation or malignancy. The patient had no family history of vascular anomalies.
Under general anesthesia, wide local excision of the lesion was performed down to the deep fascia, creating a 15 cm × 7 cm defect. A split-thickness skin graft was applied, which healed caSe report ©2008 Pulsus Group Inc. All rights reserved Dermal lymphatic malformations are rare congenital hamartomas of superficial lymphatics characterized by high recurrence rates after excision. The standard therapy for a single lesion is surgical excision with wide margins, which reduces recurrence but can have a potentially unacceptable aesthetic outcome. A case of a 24-year-old woman with a 6 cm × 5 cm dermal lymphatic malformation on her right thigh, diagnosed by clinical history, physical examination, magnetic resonance imaging and pathological findings, is reported. The patient underwent wide local excision with splitthickness skin grafting. After pathological examination revealed negative margins, the patient underwent tissue expander placement and excision of the skin graft with primary closure. The lesion did not recur, and the patient achieved a satisfactory aesthetic result. The present case represents the first report of the use of tissue expanders to treat dermal lymphatic malformations in the lower extremity and demonstrates a safe, staged approach to successful treatment. Six months after the excision, tissue expanders were placed above the rectus femoris muscle on either side of the skin graft. Saline was injected over a period of seven weeks to reach a final volume of 170 mL per expander. One year after placement of the tissue expanders, the skin graft was excised and the adjacent tissue was advanced to close the defect, leaving only a linear scar (Figure 3 ). Eighteen months after the initial resection, there was no evidence of recurrence. After complete surgical excision and secondary reconstruction with local advancement flaps, the aesthetic result was satisfactory.
DiSCUSSion
The pathologist Wegener first coined the term 'lymphangioma' in the 19th century to describe congenital malformations of the lymphatic system involving the skin and subcutaneous tissue (8) . Because 'lymphangioma' may carry a false connotation of malignancy, 'lymphatic malformation' is the current preferred term for this disease (8, 9) . Typically, lymphatic malformations are present at birth, but these lesions can spontaneously appear in adolescence or adulthood (9) . There is no evidence for a familial basis for the disease and no potential for malignant transformation. Lymphatic malformations are surprisingly difficult to categorize because of the wide clinical and pathological spectrum of disease. The most widely accepted definition classifies lymphatic malformations into dermal and deep forms (9, 10) .
Dermal lymphatic malformations (classically known as 'lymphangioma circumscriptum') appear anywhere on the skin and mucous membranes as grouped vesicles, which are superficial, clear and may be confused with warts (10) . The dilated lymphatic vessels that create the lesion are located below the epidermis, most commonly in the papillary layer of dermis (9, 10) . The resulting vesicles are usually asymptomatic but may bleed or release clear fluid after rupture. The lesions most often occur in multiple, relatively small (less than 1 cm 2 ) groupings, and published reports of large dermal lymphatic malformations such as the one we describe are rare (7,11,12).
Dermal lymphatic malformations are distinct, both in morphology and in symptoms, from deep lymphatic malformations. Deep lymphatic malformations are often found in the extremities and are much more common than dermal lymphatic malformations. Deep lymphatic malformations lie beneath the dermis and do not have the same wart-like appearance as dermal lymphatic malformations. Deep lymphatic malformations may be divided into microcystic and macrocystic forms, also known by the outdated and imprecise terms 'cavernous lymphangioma' and 'cystic hygroma', respectively. This division into microcystic and macrocystic forms applies only to deep lymphatic malformations and not to dermal lymphatic malformations. Microcystic lymphatic malformations appear as a painless swelling in the skin and subcutaneous tissue (10) . The overlying skin is unaffected, and the tissue beneath may feel spongy and similar in texture to a lipoma. With episodes of lymphangitis, affected areas may become more fibrotic. Macrocystic lymphatic malformations, which are associated with the greatest morbidity, are typically found in the cervical regions and may be associated with acute respiratory distress requiring emergency surgery (2) . Macrocystic lymphatic malformations that present late in the first trimester and afterwards are associated with hydrops fetalis (9) .
The diagnosis of dermal lymphatic malformation is made through a combination of history, physical examination, magnetic resonance imaging and light microscopy (9) . Magnetic resonance imaging is used to define the depth of the lesion before surgery. All lymphatic malformations, including dermal forms, are visible on T2-weighted magnetic resonance imaging sequences because of the high water content. Anomalous, larger venous channels may also be demonstrated by imaging. Contrast is useful to enhance cystic lesions, especially when bleeding has occurred within. Although rarely performed, magnetic resonance lymphangiography may also be useful to visualize dilated or interrupted lymphatic channels (9) . New markers are under investigation to improve pathological diagnosis. For example, Prox-1, a nuclear transcription factor key to embryonic lymphangiogenesis, differentiates the endothelial cells of lymphatic channels from blood vessels. Staining for Prox-1 may be useful to make a definitive diagnosis of lymphatic malformation, especially dermal forms (13) .
Once the diagnosis has been made, many options have been tried to affect a cure. For small scattered foci of disease, numerous (14), carbon dioxide laser ablation (15) , pulsed-dye laser ablation (16) and radiotherapy (17) . Complications of these therapies range from hyperpigmentation, transient swelling and erythema to ulcers, scarring, and recurrent or persistent disease.
Most surgeons recommend wide local excision as the standard of care for dermal lymphatic malformation. Even with surgery, recurrence rates range from 40% for incomplete excision to 17% to 25% for macroscopically complete excision (9, 10) . In a series of 65 patients with dermal lymphatic malformation (11), there was a 75% recurrence rate for lesions greater than 1 cm 2 . Nearly all recurrences were within 14 months of the initial resection, with 54% recurring within three months (10) . These recurrences may be persistent and difficult to eradicate (12) .
The high recurrence rate is consistent with the pathophysiology of the disease. According to Whimster (1), lymphatic cisterns exist in the subcutaneous tissue down to the deep fascia. These cisterns are coated with muscle that contract and force lymphatic fluid toward the surface, leading to saccular dilations in the superficial dermal lymphatics that manifest as subcutaneous lymphatic vesicles. Thus, if the deep cisterns are not excised, the superficial vesicles will reappear. Wide resection, however, usually requires coverage with a skin graft (9, 12, 18) . To improve aesthetic result, suction-assisted lipectomy (19) and flap reconstructions (7, 20) have been reported.
For large lesions, a staged reconstruction using a temporary skin graft followed by tissue expanders provides a means of complete excision, preventing recurrence with satisfactory aesthetic results. To our knowledge, the present report represents the first description of an unusually large lower extremity dermal lymphatic malformation that required tissue expanders for secondary reconstruction after wide local excision. The use of tissue expanders has been described to reconstruct vascular malformations in the head and neck of pediatric patients. The overall complication rate was 30%, most commonly due to extrusion, infection or rupture, indicating the difficulty of the approach in this anatomic region in young patients (21) . There is no previous report of the use of tissue expanders for the surgical management of a dermal lymphatic malformation in the extremities.
ConCLUSion
Dermal lymphatic malformation is an unusual entity. It is difficult to treat without recurrence and acceptable aesthetic results are often challenging to obtain. Nonsurgical therapy is usually inadequate, especially for large lesions. After confirming the diagnosis, a treatment plan consisting of wide local excision should be outlined. Due to the deep underlying nature of the disease, the affected skin and adjacent subcutaneous tissue must be removed down to the deep fascia to minimize recurrence. After resection, staged reconstruction using skin grafts and tissue expanders provides a simple, reliable technique to safely eliminate disease with satisfactory aesthetic results.
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